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(54) Power supply system having semiconductor active fuse 

(57) The power supply system of the present inven- 
tion Includes m first semiconductor active fuses 
arranged in parallel with each other in a fonward direc- 
tion, a first wire having m branches, each branch Is con- 
nected to one of m input terminals of the m first 
semiconductor active fuses, m intermediate wires, each 
of Intermediate wires is connected to one of the first end 
of the m output terminals of the m first semiconductor 
active fuses, m second semiconductor active fuses 
arranged in parallel with each other in a reverse direc- 
tion, each of the second semiconductor active fuses 
having an output terminal connected to one of the sec- 
ond end of the m intermediate wires, and a second wire 
having m branches, each branch is connected to one of 
m input terminals of the m second semiconductor active 
fuses. Each of the reverse configured m second semi- 
conductor active fuses can conduct the main current for- 
wardly through parasitic diode Inherently embodied in 
the structure. Employing this structure, the present 
invention provides a power supply system with high reli- 
ability. 
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Description ' " 

BACKGROUD OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to a power supply cable preferable for use in a vehicle to supply electric power 
from the battery of the vehicle to each section thereof More specifically, the present invention relates to a power supply 
cable having "a semiconductor active fuse" which can detect an abnormal current and/or short-circuit failure and if nec- 
essary, can cut off the conduction of the current. The present invention also relates to a power supply systeni having a 
plurality of the power supply cables. 

2. Description of the Related Art 

[0002] Fig. 1 is a diagram showing a conventional power supply system provided with an overcurrerrt controller 
installed in a vehicle, where electric power is selectively supplied from the battery to each load of the vehicle, and a tran- 
sistor OF, having a temperature sensor, controls the supply of the electric power. In the conventional overcurrent con- 
troller shown in Fig. 1, the power supply cable extending from a power source 101 for supplying an output voltage VB 
is connected to an end of a shunt resistor RS and a drain terminal D of the transistor QF, having the temperature sensor, 
is connected to the second end of the shunt resistor RS. To a source terminal S of the transistor QF. a load 102 is con- 
nected. The load 102 is, for example, a headlight or a driving motor for power windows of the vehicle. The overcurrent 
controller used for the power supply cable shown in Fig. 1 further includes a driver 701 for detecting a current which 
flows through the shunt resistor RS and controlling the operation of the transistor QF. an A/D converter 702 for convert- 
ing the analogue value of the current monitored by the driver 701 into the digital values, and a miaocomputer (CPU) 
703. The transistor QF has a thermal protection function such that it can turn off when its junction temperature 
increases to a predetermined temperature or higher. In this case, a temperature sensor incorporated therein detects 
the increase of the temperature of the semiconductor chip, and then a flip-flop circuit (or a latch circuit) is triggered by 
the temperature sensor to turn on the thermal cutoff transistor which cause the transistor QF compulsorily to be turned 
off. . 

[0003] In Fig. 1 , a Zener diode ZD1 keeps the voltage between the gate terminal G and the source tenninal S of the 
transistor QF at 12V. When an overvoltage is applied to a true gate TG of the transistor QF, the Zener diode ZD1 
bypasses the overvoltage. The driver 701 includes differential amplifiers 711, 713 as current monitors, a d'rfferential 
amplifier 712 as a current limiter. a charge pump 715. and a driver 714. The driver 714 drives the true gate TG of the 
transistor QF through an internal resistor RG based on an ON/OFF control signal from the microconrputer 703 and the 
result of the judgment from the differential amplifier 712 as the current limiter whether or not an overcurrent is gener- 
ated. When the differential amplifier 71 2 detects the over current more than the predetermined, by means of the voltage 
drop across the shunt resistor RS, the driver 714 turns off the transistor QF. After that, when the current value 
decreases less than a lower criterion, the driver 714 turns on the transistor QF, again. The microcomputer 703 always 
monitors the current via the current monitors (i.e. the differential ampfrfiers 711, 713). When the flow of an abnormal 
current exceeding the normal value is monitored, the microcomputer 703 outputs a signal for turning off the transistor 
QF. Upon receiving the signal, the transistor QF is turned off. However, if the temperature sensor installed in the tran- 
sistor QF detects that the temperature exceeds the predetermined value before the microcomputer 703 outputs the sig- 
nal for turning off the transistor QF, the tenperature sensor outputs a signal for making the thermal protection function 
of the transistor QF to v«>rk. Upon receiving the signal, the transistor QF is turned off. 

[0004] As described above, the overcurrent controller errployed for the conventional power supply cable requires 
the shunt resistor RS connected to a power supply path in series in order to detect the current. This structure, however, 
has a problem as follows. Since larger and larger current flows in tiie load in recent years, it becomes impossible to 
ignore the heat dissipation of the shunt resistor, and the conduction loss of the power supply cable becomes large. This 
problem is especially serious when larger current is passed through the power supply cable, and in such a case, it is 
required to install a cooler to the overcurrent controller. 

[0005] In addition, there is another problem. That is. in the case of using the conventional power supply cable hav- 
ing the thermal protection function, the over current control circuit successfully works when the load 102 or the power 
supply cable would be short-drcuited completely so that a large current flows therethrough. However, ajch functions 
do not work when a layer short-circuit, or an imperfect short-circuit having some degree of short-circuit resistance 
occurs so that a low short-circuit current flows through the power supply cable. As the only method to cover this draw- 
back, the monitor must diagnose the current flowing through the power supply cable so that the microcomputer 703 rec- 
ognizes an abnormal current. When the microcomputer 703 detects an abnormal current, it turns off the transistor QF. 
However, this method has a problem that, the current detection of the microcomputer 703 is not so fast that shutting 
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down of the transistor QF may be delayed. 

[0006] There is also a problem that, in accordance with the necessity to mount the shunt resistor RS, the A/D con- 
verter 702, and the microcomputer 703 or the like, a large space is required for the power supply device. In addition, 
since these elements are relatively expensive, the cost of the apparatus provided with them becomes high. 

SUMMARY OF THE INVENTION 

[0007] The present invention has been contrived to solve the problems of the above-described pi-ior arts, and an 
object thereof is to provide a power supply system, having a small conduction loss by eliminating the shunt resistor 
w employed by conventional power supply system, the shunt resistor was directly connected to the power supply path in 
order to detect an abnormal current flowing through the power supply cable. 

[0008] Another object of the present invention is to provide a power supply system with high reliability and safety, 
implementing quick response even when an imperfect short-circuit having some degree of short-circuit resistance 
occurs in a power supply cable. 
75 [0009] Still another object of the present invention is to provide a power supply system including a plurality of the 
power supply cables comprising intermediate wires. When a short-circuit failure occurs at one or sorne of the power 
supply cables, the short-circuited cable is immediately cutoff, thereby avoiding the influence of the short-circuit failure 
to the remaining cables and/or loads. 

[001 0] Still another object of the present invention is to provide a power supply system where, even if a trouble such 
20 as a breaking failure, or an open circuit failure in a cable occurs, the remaining cables work, thereby easily increasing 
reliability and safety. 

[0011] Still another object of the present invention is to provide a power supply system where two power sources 
are easily available at a low cost. 

[0012] In regard of above objects, a feature of the present invention inheres in a power supply system including a 

25 first wire having m branches (m^2), m first semiconductor active fuses connected to the respective branches of the first 
wire, m intermediate wires, each of the intermediate wires having first and second ends, the first end is connected to 
one of the first semiconductor fuses . m second semiconductor active fuses respectively connected to the second end 
of the intermediate wires, and a second wire having m branches respectively connected to the second, semiconductor 
active fuses . Each of the first semiconductor active fuses includes at least a first main semiconductor element, a first 

30 reference semiconductor element, a first comparator, and a first driver. Each of the first main semiconductor element 
includes a first main electrode connected to one of the branches of the first wire, a second main electrode opposing to 
the first main electrode, a first control electrode for controlling a main current flowing through the first and second main 
electrodes, and a first parasitic diode of which cathode region is connected to the first main electrode thereof and of 
which anode region is connected to the second main electrode thereof. The first reference semiconductor element 

35 includes a third main electrode and second control electrode respectively connected to the first main electrode and a 
first control electrode, and a fourth main electrode. The first comparator has input terminals connected to the second 
and fourth main electrodes respectively And the first comparator compares a voltage of the second main electrode with 
a voltage of the fourth main electrode. Each of the second semiconductor active fuses includes at least a second main 
semiconductor element, a second reference semiconductor element, a second comparator, and a second driver. Each 

40 of the second main semiconductor elements includes a fifth main electrode connected to one of the second end of the 
m intermediate wires, a sixth main electrode opposing to the fifth main electrode, a third control electrode for controlling 
a main current flowing through the fifth and sixth main electrodes, and a second parasitic diode of which anode region 
is connected to the fifth main electrode and of which cathode region is connected to the sixth main electrode. The sec- 
ond reference semiconductor element includes seventh, eighth main electrodes and a fourth control electrode. The 

45 eighth main electrode and the fourth control electrode respectively connected to the sixth main electrode and the third 
control electrode. The second comparator has input terminals connected to the fifth and seventh main electrodes 
respectively. The second conrtparator compares a voltage of the fifth main electrode with a voltage of the seventh main 
electrode. The m branches of the second wire are respectively connected to the m sixth main electrodes of the m sec- 
ond semiconductor active fuses, respectively. 

so [001 3] In the first semiconductor active fuse used for the power supply cable according to the feature of the present 
invention, the first comparator compares the voltage of the first main semiconductor element with the voltage of the first 
reference semiconductor element, that is, the voltage of the second main electrode with the voltage of the fourth main 
electrode. When an abnormal current is generated, the first main semiconductor element starts to repeat turning on and 
off so as to generate a current oscillation using the output of the first comparator. By counting the number of the curent 

55 oscillation or detecting an increase in the temperature of the semiconductor chip caused by the cun-ent oscillation, the 
first main semiconductor element is cutoff. Similarly, in the second semiconductor active fuse, the second comparator 
compares the voltage of the second main semiconductor element with the voltage of the second reference semicon- 
ductor element, that is, compares the voltage of the fifth main electrode with the voltage of the seventh electrode. When 
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an abnormal current is generated, the second main semiconductor element is turned on and off to generate current 
'oscillation. By use of the current oscillation, the second main semiconductor element is cutoff. 
[001 4] Each of the first and second main semiconductor elements can be merged on a semiconductor chip, respec- 
tively, so as to form integrated structures serving as the "semiconductor active fuses" of the present invention. For 
example, the first and second main semiconductors may be metai-oxide-semiconductor (MOS) transistors, respectively. 
As the power MOS transistors, the double diffused MOS field-effect-transistors (DMOS FET) can be employed, for 
example. Besides the DMOS FETs. another power MOS transistors having VMOS or UMOS structures, or MOS static- 
induction-transistors (MOS SITS) having structures similar to MOS FETs can be used. MOS composite devices such 
as emitter-switched-thyristors (ESTs) can be employed. Furthermore, there is no reason to exclude another insulated 
gate power devices such as insulated-gate-bipolar-transistors (IGBTs). If the gate electrode is always reverse, biased, 
junction FETs, junction SITs. and SI thyristors also may be used. The main semiconductor elements preferably are 
reverse conducting semiconductor devices. That is. if they are reverse conducting semiconductor power devices, the 
parasitic p-n junction diodes structurally present in the devices can be used as paths for the current flowing through the 
second semiconductor active fuse in a.tonward direction, where the second semiconductor active fuse Is connected in 
a reverse configuration. The first and second reference semiconductor elements are formed with the units of the same 
types as of the first and second main semiconductor elements, but the number of the unrts thereof are smaller than the 
first and second main semiconductor elements. 

[001 5] The first and second main electrodes of the first main semiconductor element are respectively connected to 
the first and second main electrode regions of the power device constituting the first main semiconductor element. The 
ierm "the first main electrode region" means either an emitter region or collector region, if the first main semiconductor 
Element is the IGBT Or, the term "the first main electrode region" means either a source region or drain region, if the 
first main semiconductor element is a power MOS transistor, or more generally a power insulated gate transistor (power 
IGT) such as the power MOS FET and the power MOS SIT The term "second main electrode region" means either the 
emitter region or collector region which is not the first main electrode region for the IGBT, and means either the source 
region or drain region which Is not the first main electrode region for the power IGT Specifically, if the first main elec- 
trode region is the emitter region, the second main electrode region is the collector region. If the first main electrode 
region is the source region, the second main electrode region is the drain region. The term llrst control electrode" 
means a gate electrode of the IGBT and power IGT As to the first reference semiconductor element QB1 haying a cur- 
rent-voltage characteristic similar to that of the first main semiconductor element QA1 , the same definitions as of the 
first main semiconductor element are adopted for the terms "third and fourth main electrodes' and "second control elec- 
trode*. The reverse definitions to the first main semiconductor element are adopted for the terms 1'ifth and sixth main 
electrode", and "a third control electrode" of the second main semiconductor element, and "seventh and eighth main' 
electrode"'and "a fourth control electrode" of the second reference semiconductor element, since the second semicon- 
ductor active fuses are connected to the m intermediate wires in the reverse configuration. 

[001 6] The first and second semiconductor active fuses used for the power supply cable according to the feature of 
the present invention needs no shunt resistor for overcurrent detection which was connected to the conventional power 
cable in series for overcurrent diagnosis. By eliminating the necessity of shunt resistor, the thermal dissipation, or the 
conduction loss of the entire power supply system can be suppressed to tower level. It is also possible to quickly and 
simply detect not only the overcurrent caused by dead short-circuit, but also the abnormal cun-ent caused by imperfect 
short-circuit failure having some degree of short-circuit resistance. In addition, the power supply system according to 
the feature of the present invention needs no microcomputer for detecting and controlling overcurrent. By eliminating 
the necessity of the microcomputer, the space for mounting the detector and control circuit for the overcun-ent can be 
saved. At the same time, the cost of the power supply system as a whole can be greatly reduced. Since there is no need 
of the classical "passive fuse", or the metallic fuse that melts when current exceeds a specific amperage, the downsiz- 
ing and weight reduction of the power supply cable are promoted, and accordingly, there is no need of exchanging the 
blown fuse. As a result, the power supply cables employing the semiconductor active fuses increase the reliability of the 
system. 

[0017] As stated above, the power supply system according to the feature of the present invention includes a plu- 
rality of intermediate wires (in the number of m). Therefore, first and second semiconductor active fuses connected to 
both ends, or the first and second ends, of the Intermediate wire can cut off the short-circuited wire, rapidly, so as to 
separate the intermediate wire immediately when the trouble of grounding, etc. arose in the wire, and when the abnor- 
mally large current flows. Therefore, it can be avoided that the effects of the troubles reach to another normal interme- 
diate wires. This time, the total current handling capability (the maximum available current value) of the power supply 
system decreases, because the number of the normal intermediate wire decreases to m-1 . However, the electric power 
can be supplied to the load, as before of the trouble occurrence, if load current is within the maximum available current 
value after the trouble generation. This will bring multiplicity (redundancy) to the power supply system. By this. It Is pos- 
sible to drastically raise the reliability of the power supply system. 

[001 8] In the meantime, let's suppose that the maximum current value to be supplied to the load is Imax Further we 
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suppose that the current flows uniformly and equally in the plurality of intermediate wires. For example, the trouble diag- 
nosis current value can be set to be the double of the maximum current value, here. In case of the power supply system 
which consists of a single wiring . the trouble diagnosis current value becomes 2xl^ax- However, the trouble diagnosis 
current value becomes 2x1 ^ / m in for the power supply system of the present invention, in which the parallel con- 
figuration of m intermediate wires is employed. That is to say. abnormal conditions such as the short circuit grounding 
can be judged at higher accuracy, because trouble diagnosis current value can be set at 1 / m. 
[001 9] Still, parasitic p-n junction diode, which is structurally inherent, is utilized as current path for the second sem- 
iconductor active fuse, as it was mentioned earlier. The on-resistance is low for this parasitic element.' because it is 
formed in the large area. Therefore, the conduction loss as a whole does not increase, even if two semiconductors 
active fuse are connected, facing in a reverse topology. In addition, by use of the parasitic element (the parasitic p-n 
junction diode), the number of elements in the second semiconductor active fuse can be reduced, thereby downsizing 
the entire device. This structure has an advantage in that it is easy to increase reliability and safety of the power supply 
cables. ' 

[0020] Other and further objects and features of the present invention will become obvious upon an understanding 
of the illustrative embodiments about to be described in connection with the accompanying drawings or will be indicated 
in the appended claims, and various advantages not referred to herein will occur to one skilled in the art upon employing 
of the invention in practice. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0021] 



Fig. 1 is a block diagram showing a conventional overcurrent controller. 

Fig. 2A is a block diagram showing a first semiconductor active fuse used for the power supply system of the 
present invention. 

Fig. 2B is a block diagram showing a second semiconductor active fuse used for the power supply system of the 
present invention. 

Fig. 3A is a schematic sectional view showing a part of a unit cell of DMOS transistor used for the semiconductor 
active fuse of the present invention. 

Fig. 38 is a schematic sectional view showing a part of structure of a power IC serving as the second semiconduc- 
tor active fuse of the present invention. 

Fig. 3C is a schematic sectional view showing a cable connector (plug) in which the power 10 of Fig. 38 is mounted. 

Fig. 3D is a schematic sectional view showing a jack scheduled to be connected to the plug of Fig. 30. 

Fig. 4 is a circuit diagram showing a thermal protector, which is mounted on the power 10 and detects an increase 

in the temperature of a semiconductor chip so as to cutoff the main semiconductor element. 

Fig. 5 is an explanatory drawing illustrating the principle of operation of the semiconductor active fuse used for the 

power supply system of the present invention, and also illustrating the transient voltage -between the dram and 

source electrodes when the system is turned on -- varying from high to low level. 

Fig. 6 is a conceptual equivalent circuit diagram showing the main semiconductor element of the semiconductor 
active fuse used for the power supply system of the present invention. 

Fig. 7A is an explanatory diagram illustrating the transient response characteristics of the drain cun-ent flowing 
through the main semiconductor element of the semiconductor active fuse used for the power supply system of the 

present invention. . 
Fig. 78 is an explanatory diagram illustrating the transient response characteristics of the voltage between the dram 
and source electrodes which correspond to the response shown in Fig. 7A. 

Fig. 8A is a block diagram schematically showing a power supply system according to a first embodiment of the 

present invention. ^ *u ♦ 

Fig. 8B is a block diagram schematically showing a power supply system according to a modification of the first 

embodiment of the present invention. 

Fig. 9A is a flow diagram schematically showing a power supply system according to a second embodiment of the 
present invention. 

Fig. 9B is a block diagram schematically showing a modification of the power supply system according to the sec- 
ond embodiment of the present invention. 

Fig. 10 is a sectional view showing a part of the unit cell of a collector-short type IGBT used for the semiconductor 
active fuse of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS ^ ' 

I 

(0022] Various errtoodiments of the present invention will be described with reference to the accompanying draw- 
' ings. It is to be noted that the same or similar reference numerals are applied to the same or similar parts and elements 

5 throughout the drawings, and the description of the same or similar parts apd elements will be omitted or simplified. 
Generally and as it is conventional in the representation of semiconductor devices, it will be appreciated that the various 
drawings are not drawn to scale from one figure to another nor inside a given figure, and in particular that the layer thick- 
ness are arbitrarily drawn for facilitating the reading of the drawings. In the following descriptions, numerous specific 
details are set fourth such as specific signal values, etc. to provide a through understanding of the present invention. 

10 However, it will be obvious to those skilled in the art that the present invention niay be practiced without such specific 
details. In other instances, well-known circuits have been shown in block diagram form in order not to obscure the 
present invention in unnecessary detail. 

[0023] Prior to the description of the embodiments of the present inventiori, a typical structure and a basic operation 
of the semiconductor active fuse used for the power supply system of the present invention will be described. 

15 

(BASIC STRUCTURE OF POWER SUPPLY SYSTEM AND SEMICONDUCTOR ACTIVE FUSE) 

[0024] As shown in Fig. 8A, the power supply system of the present invention includes, as a basic structure, a first 

wire Wj. m first semiconductor active fuses 201 . 203 connected to the first wire Wj {m^2), m intermediate wires . 

20 I connected to the m first semiconductor active fuses 201 . 203, and m second semiconductor active fuses 

1202. 204 connected to the m intermediate wires W^, Wg, Further, a second wire Wq is connected to the m 

second semiconductor active fuses 202, 204, Firstly, the first semiconductor active fuses 201. 203. and the sec- 
ond semiconductor active fuses 202, 204 will be described referring to Figs. 2A and 2B. 

[0025] As shown in Fig. 2A, the first fuses 201 , 203 respectively include at least a first main semiconductor element 

25 0A1 . a first reference semiconductor element OBI . a first comparator CMP1 . and a first driver 1 1 1 . In Fig. 2A. the first 
main semiconductor element 0A1 and the first reference semiconductor element QBl are nMOS transistors. The first 
main semiconductor element QAI includes a first main electrode D1 (i.e. a drain electrode) connected to the first wire 
Wj. a second main electrode (i.e. a source electrode) SA1 in opposed relation to the first main electrode Dt. and a first 
control electrode GA1 for controlling the main current. The first main electrode D1 is connected to the power source 1 01 

30 via the first wire Wj. The first main semiconductor element QAI includes a first parasitic diode Dp therein. The* cathode 
region of the first parasitic diode Dp is connected to the first main electrode D1 of the first main semiconductor element 
QAI . and the anode region thereof is connected to the second main electrode SA1 of the first main semiconductor ele- 
ment QAI. The first reference semiconductor element QBl includes a third main electrode (i.e. a drain electrode) D1 
and a second control electrode GB1 respectively connected to the first main electrode D1 and the first control electrode 

35 GA1, and a fourth main electrode (i.e. a source electrode) SB1. The first comparator GMP1 compares the voltage of 
the first main electrode SAl and that of the fourth main electrode SB1. The first comparator CMP1 and the first driver 
1 1 1 together constitute a control circuit for detecting whether or not an abnormal current flows through the first main 
semiconductor element QAI . and when an abnormal current is detected, they start an on-otf operation of the semicon- 
ductor device QAI to generate a cun-ent oscillation. That is, the first semiconductor active fuses 201. 203 respectively 

40 have a structure of power integrated circuit (i.e. power IC) on which the first main semiconductor element (i.e. a power 
device) QAl and the control circuit for controlling the main semiconductor element QAI are integrated on a same sub- 
strate. Alternatively, the first semiconductor active fuses 201. 203 may have a structure of hybrid IC on which the first 
main semiconductor element QA1 and the control circuit are mounted on an insulating substrate made of materials 
such as ceramics and glass epoxy. or an insulating metal substrate. However, preferable is a structure of power IC on 

45 which the first semiconductor active fuses 201 . 203 and the control circuit are merged on a single semiconductor chip 
110. 

[0026] As shown in Fig. 2A, the first semiconductor active fuses 201 . 203 respectively further include resistors Rl , 
R2, R5. R8, RG. a reference resistor Rr, a Zener diode 2D1 . and a diode D1 , The driver 1 1 1 includes a source trar^istor 
Q5 of which collector electrode side is connected to a high level potential VP and a sink transistor 06 of which emitter 

50 electrode side is connected to a ground GND. The source transistor 05 and the sink transistor 06 are connected to 
each other in series. Based on a predetermined switching signal, the source transistor Q5 and the sink transistor 06 
are turned on and off to output signals for driving/controlling the first main semiconductor element 0A1 and the second 
reference semiconductor element OBI to their respective control electrodes. The driver 1 1 1 shown In Fig. 2A is a bipo- 
lar junction transistor (BJT); alternatively, it may be a MOS transistor. For example, the driver 1 1 1 may be a conrple- 

55 mentary metal-oxide-semiconductor (CMOS) configuration. When the driver 11 1 is a MOS transistor, the power IC (i.e. 
the semiconductor active fuse) of the present invention can be fabricated by the simple standard process for manufac- 
turing the MOS transistor. When the driver 11 1 is a BJT, the power IC of the present invention can be manufactured by 
the BiMOS process. The output voltage VB of the power source 101 is 12V for example, and the output voltage VP of 
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the charge pump is VB + 1 0V for example. 

[0027] To the second main electrode (i.e. the source electrode) of the first reference semiconductor element QB1 , 
the reference resistor Rr is connected. It Is not always necessary that the reference resistor Rr is monolithically inte- 
grated in the semiconductor active fuse, but may be an external resistor. In this case, the reference resistor Rr could be 

5 connected to the second main electrode of the first reference semiconductor element QB1 via an external terminal. The 
value of resistance of the reference resistor Rr is selected in accordance with the ratio between the channel width W of 
the first reference semiconductor element QB1 and that of the first main semiconductor element QA1. When the ratio 
between the width of the first reference semiconductor element QB1 to that of the first main semiconductor element 
QA1 is determined to N2:N1=1 :1000, the value of resistance is set to thousand times of the resistance of the load 102. 

10 which conveys the current equal to the predetermined over current aiterion. By setting the reference value of the refer- 
ence resistor Rr to the value described above, the same drain-source voltage V^g as of the case where an overload 
current for an abnormal operation flows through the first main semiconductor element QAI can be generated in the first 
reference semiconductor element QB1. 

[0028] Between the first electrode (i.e. the drain electrode) D1 and the second main electrode (i.e. the source elec- 

75 trode) SA1 of the first main semiconductor element QAI, a series circuit of the resistors R1 and R2 is connected. 
Between the connection point of the resistor R1 and the resistor R2, and the second main electrode SA1 of the first main 
semiconductor element QAI , a variable resistor RV as an external resistor is connected via an external terminal. By 
changing the value of the variable resistor RV, the resistance value of the reference resistor R2 can be equivalently var- 
ied. In this manner, the semiconductor chip 1 10 can cover a plurality of specifications. 

20 [0029] To the input terminal V" of the conparator CMP1 shown in Fig. 2A. the voltage into which the voltage Vqsai 
between the first and second main electrodes of the first main semiconductor element QA1 (the voltage between the 
drain electrode D1 and source electrode SA1) is divided by the resistors R1, and the parallel resistance consisted of 
the resistor R2 and the variable resistor RV (R2 n RV), is supplied via the resistor R5. To the input terminal of the 
comparator CMP1 . the source voltage Vsbi of the first reference semiconductor element QB1 is supplied. When the 

25 signal level V+ at the input terminal is higher than the signal level V. at the input terminal the output of the com- 
parator CMP1 becomes "H" level, and the driver 1 1 1 provide a predetermined voltage to the gate GAI of the first main 
semiconductor element QAI . On the contrary if the signal level V+ at the input terminal "V is lower than the signal level 
V. at the input terminal the output of the comparator CMP1 becomes "L" level, and the driver 1 1 1 turns off the gate 
drive against to the gate GAI of the first main semiconductor element QAI. As will be described later, the comparator 

30 CM PI exhtoits some degree of hysteresis characteristic. Assisted by the hysteresis characteristic, the comparator 
CMP1 conducts an ON/OFF control for the first main semiconductor element QAI to generate the current oscillation 
when an abnormal current is generated. By use of the current oscillation, the first main semiconductor element QAI is 
cutoff 

[0030] On the other hand, the second semiconductor active fuses 202, 204 basically have the same structure as of 

25 the first semiconductor active fuses 201 , 203, except that they have opposite configuration in a wiring connection. As 
shown in Fig. 2B, the second semiconductor active fuses 202, 204 respectively include at least a second main semi- 
conductor element QA2, a second reference semiconductor element QB2, a second comparator CMP1, and a second 
driver 1 11 . In Fig. 2B, the second main semiconductor element QA2 and the second reference semiconductor element 
QB2 are nMOS transistor, as in the case of the first semiconductor active fuses 201 . 203. except that the positions of 

40 the source and drain electrodes are reversed from those of the first semiconductor active fuses 201 , 203. That is, to the 
second end of the intermediate wires Wi, W2 respectively a fifth main electrode (i.e. a source electrode) SA2 is con- 
nected. The second semiconductor active fuses 202, 204 includes a sixth main electrode (i.e. a drain electrode) D2 
opposing to the fifth main electrode SA2, a third control electrode GA2 for controlling an main current flowing through 
the fifth and sixth main electrodes. The second main semiconductor element QA2 includes a second parasitic diode Dp 

45 therein. The anode region of the second parasitic diode Dp is connected to the fifth main electrode SA2 of the second 
main semiconductor element QA2, and the cathode region thereof is connected to the sixth main electrode 02 of the 
second main semiconductor element QA2. As a result, the polarity of the second parasHic diode Dp is reversed to the 
polarity of the first parasitic diode Dp of the first semiconductor active fuse. The second reference semiconductor ele- 
ment QB2 includes a seventh main electrode SB2 and a fourth control electrode GB2 respectively connected to the fifth 

so main electrode SA2 and the third control electrode GA2, and an eighth main electrode (i.e. a drain electrode) D2. The 
second comparator CMP1 compares the voltage of the fifth main electrode with the voKage of the seventh main elec- 
trode. The second comparator CMP1 and the second driver 111 together constitute a control circuit for detecting 
whether or not an abnormal current flows through the second main semiconductor element QA2, and when an abnor- 
mal current is detected, they conducts an ON/OFF control for the second main semiconductor element QA2 to generate 

55 the current oscillation. By use of the current oscillation, the second main semiconductor element QA2 is finally cutoff 
The second semiconductor active fuses 202. 204 respectively have the structure of power IC on which the second main 
semiconductor element (i.e. the power device) QA2 and the control circuit for controlling the main semiconductor ele- 
ment QA2 are integrated on the same substrate. 
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[0031] Fig. 3A is a cross -sectional view showing a part of the units of the nMOS transistor having the DMOS struc- 
, ture, as a specific example of the first main semiconductor element QA1 . The second main semiconductor element 
QA2 has the same structure. In reality, pluralities of the units are arranged in parallel with each other (for example, the 
I number of units N1=1000) to obtain a desired rated current handling capability. The nMOS transistor QA1 , QA2 shown 

5 in Fig. 3A includes an n"" region 908 serving as the drain region, an nregion 907 serving as the drift region which e 
epitaxialty grown on the n"^ region 908, and two island-shaped p-body regions 906 facing each other on the surface of 
the drift region 907. In Fig. 3A, although two p-body regions 906 are shown in a aoss-sectional view in appearance, 
they may be joined to each other in an area invisible in Fig. 3A toward its depth direction. In other words, when the cor- 
responding plan view is seen from the above, the p-body region 906 may have a single continuous region of circle or 

10 rectangular ring (i.e. a donut). On the surface of the p-body region 906, an n* region 905 serving as the source region 
is formed. As in the case of the p-body region 906. the n" region 905 serving as the source region also may be joined 
to each other in an area invisible in Fig. 3A toward its depth direction, and may have a single shape of circle, or rectan- 
gular ring (i.e. a donut). On the p-body region 906 and the drift region 907 sun;ounded by the p-body region 906, a gate 
insulating film 904 is formed, and on the gate insulating film 904, a gate electrode 903 is formed. On the gate electrode 

75 903, an interlayer dielectric film 902 is formed. In the interiayer dielectric film 902. a contact hole is formed, and a source 
electrode 901 is formed in such a manner that the p body region 906 and the source region 905 are short-circuited 
through the contact hole. On the bottom surface of the drain region 908, a drain electrode 909 is formed. Iri the DMOS 
structure shown in Fig. 3A, a parasitic diode Dp having the p-n junction structure is present between the p body region 
906 and the n" drain structure 908. Therefore, by employing the bias using the drain electrode 909 as a negative and 

20 ithe source electrode 901 as a positive, contrary to the bias employed for operating DMOS. the parasitic diode Dp is for- 
Iward biased so as to be conducted, that is. so-called reverse conduction occurs, tn the present invention, the parasitic 
diode Dp is positively used as a current path. As is obvious in Fig. 3A. the parasitic diode Dp is formed in a large area 
over the entire bottom surface of the semiconductor chip. Therefore, it has a low on-state resistance, and the total con- 
duction loss is small. 

25 [0032] The first semiconductor active fuse 201 , 203. the second semiconductor active fuses 202, and 204 can have 
a same integrated structure as shown in Fig. 3B. Hereinafter the generic term of "the semiconductor active fuse" will be 
employed to represent one of the first semiconductor active fuse 201 , 203, the second semiconductor active fuses 202, 
and 204. Fig. 3B is a cross-sectional view showing an example in which the semiconductor active fuse 201 . 203. 202, 
or 204 is monolithically integrated on a single semiconductor chip. As shown in Fig. 3B, the semiconductor active fuse 

30 201 , 203. 202, or 204 includes a silicon-on insulator (SOI) oxide films (i.e. buried insulating filn^) 81 1 . 821 orily in the 
lower area of the control circuit for controlling the first (or second) main semiconductor element QA1 (or QA2), thereby 
partially forming an SOI structure. In the di electrically isolated (Dl) structure utilizing the partial SOI structure, the units 
of the control circuits for controlling the first (or second) main semiconductor element QA1 (or QA2) are electrically iso- 
lated from those for controlling the first (or second) reference semiconductor element QB1 (or QB2). Contrary to this, 

35 no SOI structure is formed for the first (or second) main semiconductor element QAl (or QA2) that performs a main 
switching operation, but a structure of vertical power device, in which a current flows from the top surface to bottom sur- 
face of the semiconductor chip, is formed. Similarly, no SOI structure is formed for the first (or second) reference sem- 
iconductor element QB1 (or QB2) corresponding to it, but a structure of vertical power device is famed. As described 
above, the first (or second) main semiconductor element QAl (or QA2) is formed with units in the number of N1 

40 arranged in parallel with each other. The first (or second) reference semiconductor element QB1 (or QB2), formed with 
the same units as of the first (or second) main semiconductor element QAl (or QA2) only in the number N2=1 also has 
a structure of vertical power device having no SOI oxide film. As has already described referring to Fig. 3A, the first (or 
second) main semiconductor element QAl (or QA2) has the structure where the n"" drain region 908 is formed on the 
entire bottom surface of the semiconductor chip, and the n'drift region 907 is fornied thereon (The structure of the first 

45 (or second) main semiconductor element QAl (or QA2) has already been described referring to Fig. 3A, and therefore, 
its description is omitted.). 

[0033] In Fig. 3B. the first (or second) reference semiconductor element QB1 (or QB2) is formed with the n+ drain 
region 908 and n'drift region 907 which are formed on the entire bottom surface of the semiconductor chip as common 
regions with the main semiconductor element QAl and the control circuit for controlling it. That is. in the first (or second) 

50 reference semiconducta element QB1 (or QB2). an island-shaped p-body region 806 is formed on the surface of the 
n' drift region 907. On the surface of the p-body region 806, an n* region 825 serving as the source region is formed. 
On the p-body region 806 and the area of the drift region 907 surrounded by the p-body region 806. a gate insulating 
film 904 is formed. On the gate insulating film 904, a gate electrode 803 is formed. The gate electrode 803 is connected 
to the gate electrode 903. On the gate electrode 803, an interlayer dielectric film 902 is formed, and a contact hole is 

55 formed therein. A source electrode 913 is formed in such a manner that the p-body region 806 and the source region 
825 are short-circuited through the contact hole. As shown in Fig. 2A, the source electrode 913 is connected to the ref- 
erence resistor Rr of polysilicon mounted on the surface of the semiconductor chip. On the entire bottom surface of the 
drain region 908. a drain electrode 909, which is a common metallic, layer with the first (or second) main semiconductor 
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elemeni QA1 (or QA2) and the first (or second) reference semiconductor element QB1 (or QB2) is formed. 

[0034] As shown in Fig. 3B. between the first (or second) main semiconductor element QA1 (or QA2) and ttie fjrst 

or second) reference semiconductor elemeni QB1 (or QB2). a region for isolating their un^ from e^^^h other .s formed. 

^e element isolation region is formed so deep as to penetrate the p-body regions 806. 906. That is, the element so- 
. Son egS," is^rmed w?h a trench sidewall insulating film 801 . formed on the sidewall d trench, and a semnnsulatng 
" JlSn (SIPOS) 802 interposed between the trench sidewall insulating films 80V S'-'arly. on me cortrol a^^^^ 

Se the element isolation region is formed with a trench, which extends so deep as to penetrate the SOI ox.de films 

K'^'ShfcSS;'^^^^ in Fig. 3B. the n.OS transistor formed on the P-wel. 822^ and an n^p. b^^^^^^ 
,0 transistor formed on the n* buried collector region 81 2 are schematically shown. That .s. on t^^e SOI «.de Mm 821^ *e 
D well 822 is formed, and In the p-well 822. the n* source region 823 and the n^ dram region 824 are formed. On the 
region crf the p-well 822 interposal between the n* source region 823 and the n^ drain region 824. a S^ein^^'ating f^^ 
9?4 is formed On the gate insulating film 904, a gate electrcxle 827 is formed. To the n^source ^^g-on 823 and^^^^^^^^^ 
region 824 respectively, a source electrode 9i5 and a drain electrode 914 are connected via the contart hole formedjn 
S layer insSting filri, 902. On the SOI o»de film 81 1 . an n* buried collector region 812 is formed^ On the n^ buried 
collertor regfon 812, an n" drift region 813 is formed. On the surface of the n" drift region 813, a p-base region 814 .s 
fo in me p-base region 814, an n^ emitter region 815 is formed. On the surface of the n'drrft region 813^n^ col- 
Srcontact region 816 is famed at the posrtion apart from the p-base region 814. To the n^emitter reg-on 815^me 
p base region 8U. and the n* collector contact region 81 6 respectively, an emitter electrode 918. a base electrode 917. 
and a collector electrode 916 are connected via the contact hole formed in the interlayer dielectric Mm 902. 
?0036] On the emitter electrode 918. base electrode 917. collector electrode 916. source electrode 915. drain e ec^ 
rode914 source electrode 913, and source electrode 915. a passivation film 912 is deposited. In the passivation film 
9T2 a via hole is formed. The via hole penetrates the passivation film 912 to reach the source electrode 901^ In the v|a 
hole a stub metal 910 is buried. Via the stub metal 910. a source electrode 901 for external connection, whidi is formed 
Sn the Jntl sice of the passivation film 912. is electrically connected fo a source electrode ^P)^ Jf/-^";-^ 
shown in Fig 3B, the drain electrode 909 is formed on the entire bottom surface of the semiconductor chip, and the 
source electrode 91 1 for external connectton is formed on the top surface of the semiconductor chip. 
S ^ shL S Fig. 3C, the drain electrode 909 is soldered to a plug terminal 31 1 with a solder 304. t^hereby 
ormina a cable connector (plug). The source electrode 91 1 for external connection is soldered to an inner lead of a lead 
XTa^lder^^^^^^ chip side of the plug terminal 31 1 , the semiconductor chip 1 1 0. and the .nner 

lead of the lead 314 are sealed with a resin sealant 315 by a known transfer molding P'-jl^.^^^J^''^' !11 

and lead 314 are made of, for example, aluminum (Al). copper (Cu), copper alloy such as Cu-Fe. Cu-Cr. Cu-N.&, and 
Ju-Sn, nickel-iron alloy such as Ni-Fe, and Fe-Ni-Co. and a composrte materia of copper and f 
possib e to use these metals plated with nickel (Ni) or gold (Au). As shown in F,g. 3C, ^ central conductor 301 and an 
outer lead of the lead 314 are electrically connected with a solder 305. The central conductor 301 is covered wrth an 
insuLtor302. The plug terminal 31 1 is connected to a metal casing for containing the resin sealant 315 via the insulator 

foM81 The plug terminal 31 1 is inserted into a jack terminal 323 shown in Fig. 3D. The jack terminal 323 is electri- 
S^onnecti to ?he central conductor 301 constituting the power supply cable with a solder 306. The metal casing 
321 of the lack is insulated from the jack terminal 323 by an insulator 322. By use of the cable connector shown in Figs. 
3C and 3D in the power IC shown in Fig. 2A, the drain electrode 909 as the input ternninal To, is P""^ 
supply 101 for supplying the output voltage VB via the power supply cable W, Similarly, the source electrode 91 1 tor 
erl cinneS^n as the outp^ terminal Ts.is connected to the intermediate wiring W1 or W2. Further, as shc«n in 
Ffg 2A. the drain electrode 909 as the input terminal T^^ is connected to the Load 102 via the power s^PPj^^^e W<, 
Similarly, the source electrode 91 1 for external connection as the outout terminal Tsiis connected to the intermediate 

As^wn in Fig. 2A or 28, the gate electrode of the first (or second) main semiconductor element QA1 (or 
QA2) s connected to a thermal protector 120. The thermal protector 120 detecte an increase in the temperatore of me 
semiconductor chip 110, and when me temperature of me semiconductor exceeds a predetermined value, turns off the 
fiS^ or second) main semiconductor element QA1 (or QA2). The thermal protector 120 for me f i^t 
eirment QA1 has a circuit configuration shown in Fig. 4, for example. The memial protector 120 tor the second main 
semiconductor element QA2.has an exactly same circuit configuration as shown in Fig. 4. and me overlapped explana- 

[W»0]°'"'*The''mermal protector 120 includes an MOB transistor OS. or "me mermal cutoff transistor OS" connected 
55 to me gate electrode of me first main semiconductor element QA1 . a latch circuit 122 tor inputting a signa^ to me gate 
eSe of the mermal cutoff transistor OS. and a temperature sensor 121 for controHing me 'f ^^^^'^^^^Jf^^^^^ 
the temperature sensor 121 detects mat me temperature at me surface of me semiconductor chip 1 10 tas increased 
up to a predetermined temperature or higher, me state of me latch circuit 122 changes in accordance w.m me informa- 
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tion from the temperature sensor 121 , and the latch circuit keeps this state. As a result, the thermal cutoff transistor QS 
, is turned on, and the gate electrode of the first main semiconductor element QA1 is short-circuited to the source elec- 
trode of the first main semiconductor element QA1 , thereby compulsorily turning off the first main semiconductor ele- 
t ment QA1 . 

5 [0041] The temperature sensor 121 is formed with four diodes of poly-sillpon or the like, connected to each other in 
series, and is integrated in the vicinity of the first main semiconductor element QA1 . As the junction temperature of the 
first main semiconductor element QA1 increases, the temperature at the surface of the semiconductor chip Increases. 
Accordingly, the fonward voltage drops of four diodes of the temperature sensor 121 gradually decrease. When the sum 
- of the forward voltage drops of four diodes decreases to the potential level at which the potential of the gate potential of 

10 the nMOS transistor Q51 becomes T" level, the nMOS transistor Q51 is turned off. As a result, the gate potential of the 
nMOS transistor Q54 is pulled up to the potential of the gate control terminal G of the first main semiconductor element 
QA1 . thereby turning on the nMOS transistor Q54. The nMOS transistor 053 is turned off, and the nMOS transistor Q52 
is turned on and latches "1 " into the latch circuit 122. At this time, the output of the latch circuit 122 becorhes "H" level, 
thereby turning on the thermal cutoff transistor QS. As a result, the true gate TG of the first main semiconductor element 

15 QA1 is short-circuited to the source of the first main semiconductor element QA1 , and the first main semiconductor ele- 
ment QA1 is turned off, thereby preventing it from being overheated. The thermal protector 120 may be omitted if the 
number of current oscillations is counted. 

[0042] The first main semiconductor element QA1 is, for example, a power device having a multi-channel structure 
where a plurality of unit celts are connected in parallel with each other. At the location adjacent to the first main semi- 

20 I conductor element QA1, an MOS transistor QB1 as the first reference semiconductor element is disposed to be con- 
1 nected to the first main semicorductor element QAI in parallel with each other. Since the first reference semiconductor 
element (reference MOS transistor) is formed at the position adjacent to the first main semiconductor element (main 
MOS transistor) QAI in the same process, there is no (or only a small) variation in the electric characteristics therebe- 
tween caused by a temperature drift and the characteristic variation from lot to lot. The number of unit cells constituting 

25 the respective MOS transistors is adjusted so that the first reference semiconductor element OBI has a current han- 
dling capability smaller than that of the first main semiconductor element QAI . For example, when the number of unit 
cell of the first reference semiconductor element OBI is N2=1. the first main semiconductor element QAI is constituted 
to have unit cells in the number of N1=1000. In this manner, the ratio between the channel width W of the first reference 
semiconductor element QB1 to that of the first main semiconductor element QAI becomes N2:N1=1 :1006. The tem- 

30 perature sensor 121 is constituted by a plurality of diodes disposed on the interlayer dielectric film famed on the first 
reference semiconductor element OBI and the first main semicorductor element QAI. The temperature sensor 121 is 
made of poly-silicon thin film and the like and connected to each other in series, and is integrated at the position in the 
vicinity of the channel region of the first main semiconductor element QAI . 

[0043] Fig. 6 is a conceptual equivalent circuit diagram showing the first main semiconductor element QAI of the 
35 power IC used for the power supply system of the present invention. The same argument is hold for the second main 
semiconductor element QA2 of the power IC used for the power supply system of the present invention, and the over- 
lapped discussion is omitted here. In Fig. 6. the equivalent circuit of the first main semiconductor element QAI is sim- 
plified using an equivalent source of current g^ • Vj, a drain resistor rd, a capacitance Cqs between the gate and 
source, a capacitance Cqq between the gate and drain, and a capacitance Cps between the drain and source elec- 
40 trodes. Where gm means a transfer conductance of the first main semiconductor element QAI. When the equivalent 
circuit of the first main semiconductor element QAI is used, the power supply path from the power source 101 to the 
load 102 is a circuit such as shown in Fig. 6. The load 102 includes a wire inductance LO and the wire resistance RO of 
the power supply path. 

[0044] Fig. 5 is a diagram showing transient curves which illustrates three responses of the voltage Vq3 between 
45 the drain and source electrodes of the first main semiconductor element QAI, constituting a part of the above- 
described power supply system, at the transition from high to low level when the first main semiconductor element QAI 
is turned from off to on. The curve *'Vds(SHORT)" represents the case where the load 102 is short-circuited, or the case 
where the wiring cable between the first main semiconductor element QAI and the load 102 is short-circuited. And the 
curves "VosCNORMAL)" and 'VDs(1k D)" represent the cases where the load 102 is a standard load (i.e. in a normal 
so operation) , and where the load 1 02 has a resistance of 1 k^ respectively. The characteristics of the transition from high 
to low level exhibit the transient responses in compliance with the impedance of the entire power supply cable of the 
present invention, for example, the wire inductance and the wire resistance of the power supply cable. 
[0045] First, the change in the voltage Vqs between the drain and source electrodes when the load 102 has a 
resistance of IKH will be desaibed. It is assumed that, due to the characteristics of tiie first main semiconductor ele- 
55 ment QAI used in this measurement, the voltage Vxqs between the true gate TG and source is substantially at a 
threshold voltage Vth =1.6V when the drain current ID =12mA (when the supply voltage is 12V and the load resistance 
is 1 Kfl). Since the driver 1 1 1 shown in Fig. 2A continues to charge the true gate TG of the first main semiconductor 
element QAI, the voltage Vjgs between the true gate TG and source will continue to increase accordingly. In reality, 
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however, the voltage V^s between the drain and source electrodes decreases, thereby increasing the capacitance 
value Cgd between the true gate TG and drain to absorb the charge which would increase the voltage Vjqs between 
the true gate TG and source, if the capacitance Cqd could not increase. In other words, decreasing the voltage Vqs 
between the drain and source electrodes increases the capacitance Cqd existed between the true gate TG and drain 

5 to a level enough to absorb the charge which inaeases the potential of the voltage Vjgs between the true gate TG and 
source to exceed the threshold value. As a result, the voltage Vjqs between the true gate TG and source is kept at 
about 1 .6V (=Vth). That is. at each elapsed time after the first main semiconductor element QAI is turned on, the volt- 
age Vqs between the drain and source electrodes takes a value at which the excessive charge from the driver 1 1 1 to 
the gate G is absorbed, tn this manner, the voltage Vjgs between the true gate TG and source is always kept at a con- 

70 stant level. 

[0046] Let's define A Vqs as the difference between the voltage Vps across the drain and source when the load 
resistance R is ikn. expressed by the curve of Fig. 5, and the voltage Vqs when the load resistance R is smaller than 
iKa Further, the voltage Vjgsr 'S defined as the voltage between the true gate TG and source, corresponding to the 
period t. Then, the charge Qqd 's expressed by the following mathematical relationship: 

15 

QgD = ^ VDsxCGD+(VTGSR-Vth)>^CGs (1) 

By subtracting the voltage corresponding to the charges Qqd expressed by Eq. (1) from the voltage Vjgsr between the 
true gate TG and source, the true voltage Vjgsr becomes substantially a threshold voltage Vth =1 .6V. In other words. 
20 the voltage Vjgs between the true gate TG and source is incremented from the threshold voltage Vth =1 .6 by the volt- 
age corresponding to the charge Qqd- This can be expressed by the following equations: 

(VTGSR-Vth)xCGs+((V^3SR-Vth)-A Vds)xCgo = (A V pg-CV TGSR-Vth))xC (2) 

25 V -TQSR-Vth = A V psx2C qd/(C GS+2C qd) (3) 

A V^s = (VTGSR-Vth) • {{C^/2CQ^h^) (4) 

[00471 From these equations, it is known that the value A Vqs is proportional to the value (VjGSR-Vth). When the 

30 drain current ID is 0, the curve of the voltage Vqs between the drain and source electrodes is determined by the Miller 
capacitance and the circuit charging the true gate TG. When the drain current Iq increases, a counter electromotive 
force is generated by the inductance of the entire circuit, and the same effect as of the case where the load resist- 
ance is increased is generated. Therefore, as far as the drain current Iq is increasing rapidly, the inductance-equivalent- 
resistance is generated, and the equivalent impedance of the load never decrease to a specific level determined by the 

35 inductance of the entire circuit, even if the net resistance value of the load becomes extremely small as in the case 
of dead short-circuit. As a result, the rising gradient of the drain current Ip converges into a specific value, and the curve 
of the voltage Vxgs between the true gate TG and source converges to a specific value accordingly. 
[0048] When a current mirror circuit is constituted by defining the ratio between the channel width W of the first ref- 
erence semiconductor element QBI and that of the first main semiconductor element QAI of the semiconductor device 

40 (power 10) of the present invention as N2:N1 (n = N1/N2 =1000), the relationship of (the drain current Iqao of the 
main semiconductor element) =1000x(the drain current I of the reference semiconductor element ) is estab- 
lished, whenever the source voltage of the first main semiconductor element QAI is equal to that of the first reference 
semiconductor element QB1. When the drain current IpoA 5A flows through the first main semiconductor element 
QA1 , and the drain current Iqqb 5mA flows through the first reference semiconductor element QB1 , the source volt- 

45 age Vqa of the first main semiconductor element QAI coincide the source voltage Vsb of the first reference semicon- 
ductor element QBI . That is, the relationships of V = V pge V^qsa = Vtgsb established- The terms Vqsa 
and Vqsb ^he voltages between the drain and source electrodes of the first main semiconductor element QAI and 
the first reference semiconductor element QBI respectively, and the terms Vjqsa and Vjqsb are the voltages between 
the true gate TG and source of the first main semiconductor element QAI and the first reference semiconductor ele- 

50 ment QBI . respectively. 

[0049] Therefore, when the first reference semiconductor element QBI is completely turned on, it is estimated that 
the supply voltage VB is applied to the both terminals of the reference resistor Rr. In this case, the resistance value of 
the reference resistor Rr, as the load of the first reference semiconductor element QB1 which is equivalent to the load 
of 5A to be connected to the first main semiconductor element QA1 , is Rr = 1 2y5mA = 2.4KO . 
55 [0050] Next, the operation of the semiconductor device (power IC). used for the power supply system of the present 
Invention, in a saturation (also known as linear or pinch-off) regime of the MOS transistor will be described. When the 
first main semiconductor element QA1 is turned on, the drain current Idqa raises toward the final load current value 
determined by the circuit resistance. The voltage Vjgsa takes a value determined in accordance with the drain current 
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Iqqa, and also gradually raises while it is suppressed by the Miller effect due to the capacitance Cqq of the capacitor 
I associated with the decrease of the voltage Vqsa between the drain and source electrodes. In addition, the first refer- 
ence semiconductor element QB1 operates as a source follower using the reference resistor Rr as a load resistance in 
' accordance with the gate voltage determined by the first main semiconductor element QA1 . 
5 [0051] The voltage Vjqsa between the true gate TG and source of thp first main semiconductor element QA1 
increases in accordance with an increase in the drain current Iqqa- 
[0052] In this case, the following equations are established: 

Vdsa = Vtgsa+Vtgd (5) 

Vdsb = Vtgsb+Vtgd (6) 

From these relationships, the following relationship is established: ; 

75 V -V = VtgsA-VtGSB = (' DQA^^^^ ' DQbVS m ' 

The terms gm means the transfer conductance of the first main semiconductor element QA1 . and n = N1/N2 means 
the ratio between the channel width W of the first main semiconductor element QA1 and that of the first reference sem- 
iconductor element QB1. By detecting the difference in the voltages between the drain and source electrodes Vqsa- 

20 I Vqsb- the difference in the drain current { I ^q^^- nx I ) can be obtained. 

\ [0053] The voltage V^se between the drain and source electrodes of the first reference semiconductor element 
QB1 is input into the input terminal of the comparator CMP1 . The voltage Vqsa between the drain and source elec- 
trodes of the first main semiconductor element QA1 is divided for the resistors R1 and R2. and the divided voltage V+ 
is input into the input terminal of the comparator CMP1 . That is. the voltage V+ represented by the following Eq. (8) 

25 is input into the input terminal of the comparator CMP1 : 

V^.= Vdsa^R1AR1+R2) (8) 

When the load is in a normal state, the value (Rr/n) becomes smaller than R (i.e. (Rr/n) < R). and the value V+ 

30 becomes smaller than Vqsb (" e* V+ < Vdsb accordingly In this case, the first main semiconductor element QA1 is kept 
in an on state. The term R means the value of the load resistance. When the load is overloaded, the value (Rr/n) 
becomes larger than R (i.e. (Rr/n > R), and the value becomes larger than VpsB > Vqsb) accordingly. In this 

case, the main semiconductor element QA1 is turned off in the triode regime. Defining the source potential of the first 
main semiconductor element QA1 as Vsa and that of the first reference semiconductor element QB1 as Vsb. the source 

35 potentials Vsa. ^sb decrease toward the ground. As a result, the voltages Vqsa. ^dsb between the drain and source 
electrodes increase. The relationship of V+ < Vqsb 's established before the source potentials Vsa, Vsb reach the 
ground, and the first main semiconductor element QA1 is turned on again. Immediately after being turned on, the first 
main semiconductor element QA1 is in the saturation (also known as linear or pinch-off) regime, and after that, it keeps 
its on-state toward the triode regime. When the value V+ becomes larger than Vqsb ('■©• V+ > ^dsb)- the first main sem- 

40 iconductor element QAI is turned off. This is one cycle of the on-off operation. Once the first main semiconductor ele- 
ment QA1 is turned off. It keeps its off state, and once it is turned on. it keeps its on state. This is due to the inductance 
of the load circuit. The inductance of the load circuit exhibits the same action as of the resistor when the current 
changes. When the current is decreased, the inductance-equivalent-resistance becomes minus to decrease the resist- 
ance on the load side. When the current is increased, the inductance-equivalent-resistance becomes plus to increase 

45 the resistance on the load side. Due to this action, once the first main semiconductor element QA1 is turned off. it keeps 
its off state, and once it is turned on, it keeps its on state. Contrary to this, in the first reference semiconductor element 
QB1 , the reference resistor Rr has a value n =N1/N2 times larger than the load resistance R. and the circuit of the first 
reference semiconductor element QB1 has too small inductance effect to be discernible. Therefore, the circuit of the 
first reference semiconductor element QB1 acts as a pure resistance circuit. 

50 [0054] In the comparator CMP1, the diode D1 and the resistor R5 together exhibits a hysteresis characteristic. 
When the first main semiconductor element 0A1 is turned off. the sink transistor of the driver 1 1 1 grounds the gate 
potential. The potential on the cathode side of the diode Dl becomes VgA-O-TV (i.e. a forward voltage drop of Zener 
diode ZD1). and the diode Dl is conducted. As a result, a current flows through the resistor R1. the resistor R5. to the 
diode Dl in this order, and the signal level V^ of the input terminal of the comparator CMP1 becomes larger than 

55 the value represented by Eq. (8) established when the driver 111 is in an on state. The first main semiconductor ele- 
ment QAI keeps its off state until the difference in the voltages between the specific drain and source Vdsa-Vdsb. 
which is smaller than the voHage immediately before it is turned off, is attained. After that, as the value Vdsa »s further 
increased, the signal level V^ at the input terminal of the comparator CMP1 becomes smaller than the value Vdsb- 
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The output of the comparator CMPI changes from "L" to "H" level, and the first main semiconductor element QA1 is 
turned on again. There are various methods for giving hysteresis characteristic, and the above described is one of • 
them. 

[0055] Defining the voltage VpsA between the drain and source electrodes when.the first main semiconductor ele- 
ment QA1 is turned off as a threshold value VosAth- the following mathematical relationship is established: 

VDSAth-VDSB = R2/R^^VDSB 

That is. the value used for judging the overcurrent in the triode regime is determined by Eq. (9). 
[0056] ' Next, the operation of the semiconductor device (power IC) . used for the power supply system of the present 
invention, In the triode regime (also known as ohmic regime) of the MOS transistor will be described. When the power 
supply system is in a normal state and the first main semiconductor element QA1 is turned on, the first main semicon- 
ductor element QAi continues its on state. After the voltages Vtgsa. Vtgsb between the true gate TG and source 
reaches pinch-off voltages, the first main semiconductor element QA1 and the first reference semiconductor element 
QB1 operate in the saturation regime. In the semiconductor device used for the power supply system of the present 
invention, a current mirror circuit is formed under the condition where ratio between the channel width W of the first ref- 
erence semiconductor element QB1 and that of the first main semiconductor element QA1 is 1 :n. whenever the source 
voltage of the first main semiconductor element QAI coincides with that of the first reference semiconductor element 
QB1. Therefore, the on-state resistance Rds(on)B ^ the first reference semiconductor element QB1 is n times larger 
than the on-state resistance Rds(ON)a the first main semiconductor element QA1 ( R ds{on)b'" ^ * ^ ds{ON) )• ^hen 
the source voltage of the first main semiconductor element QAI is equal to that of the first reference semiconductor ele- 
ment QB1. the drain current Iqqb of the first reference semiconductor element QB1 is Vn times larger than the drain 
current boA of the first main semiconductor element QAI ( I dqb = (^Z") ' ' dqa )• Referring to the typical on-state resist- 
ance of 5A class semiconductor devices, for example, the on-state reference Rds(on) oi the first main semiconductor 
element QA1 can be estimated to be 30mn when the voltage Vjgs between the gate and source electrodes is 10V. 
When n ^ N1/N2 = 1000 . the on-state resistance Rds(on)b o\ the first reference semiconductor element QBl is 30a 
If we suppose that supply voltage VB=:12V. and the reference resistor Rr =2.4ka. the following equations are estab- 
lished: 

30 VDSB = lDQB-("-RDSA(ON))=5[mAlx30[n] = 0.15[V] (10) 

VDSA = 'DQA><30Im"] 

Vdsa-Vdsb = 30[mn]x(!DQA-5[A]) (12) 

35 

[0057] As the drain current Iqqa "s increased due to the short-circuit failure of the power supply system and the like, 
the value obtained in Eq. (12) becomes large. When this value exceeds the criterion for judging the overcurrent, the first 
main semiconductor element QAI is turned off. In this case, the first main semiconductor element QAI exhibits the 
operation in the above-described saturation regime via the pinch-off point, and then, is turned off. After the elapse of a 
40 predetermined time, the signal level V+ at the input terminal "V of the comparator CMPi becomes smaller than Vdsb 
due to the hysteresis characteristic of the diode D1 and the resistor R5 shown in Fig. 2A. As a result, the output of the 
comparator Cf\/IP1 changes from "L" to "H" level, and the first main semiconductor element QAI is turned on again. In 
this manner, the first main semiconductor element QAI is repeatedly turned on and off. and at last the thermal protec- 
tor 120 starts to operate, thereby performing thermal protection action. If the power supply system returns to a normal 
state before the thermal protection action Is started (i.e. in the case of intermittent short-circuit failure), the first main 
semiconductor element QA1 keeps its on state. 

[0058] Fig. 7A is a diagram showing the drain current Ip of the semiconductor device (power tC) used for the power 
supply system of the present invention. Fig. 7B is a diagram showing the voltage Vqs between the drain and source 
electrodes con-esponding to the drain current b In Figs. 7A and 7B. the curve ® corresponds to the overload state, 
and the curve ® corresponds to the normal state. In the case of the overload state (shown by the curve <])). the first 
main semiconductor element QA1 is repeatedly turned on and off to largely vary the drain current Ip. As a result, the 
first main semiconductor element QAI periodically generates heat, thereby promoting the thermal protection action of 
the first main semiconductor element QAI. The same argument is hold for the second main semiconductor element 
QA2 of the power IC used for the power supply system of the present invention, and the overlapped discussion is omit- 
55 ted here. Next the embodiments of the power supply system of the present invention will be described based on the 
description of the semiconductor active fuse referring to the accompanied drawings. 
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(FIRST EMBODIMENT) 

[0059] Fig. 8A is a block diagram schematically showing the structure of the power supply system according to a 
' first embodiment of the present invention. As shown In Fig. 8A, the power supply system according to the first embod- 
5 iment includes at least two first semiconductor active fuses 201, 203 arranged in parallel with each other in a fonward 
direction, a first wire Wj connected to the input terminals Tq of the first semiconductor active fuses 201. 203. and two 
intermediate wires W^. are respectively connected to output terminals Tg of the first semiconductor active fuses 

201 , 203. The first wire Wj has two branches, each of which is connected to the input terminals T^ of the first semicon- 
ductor active fuses 201 , 203. And, each of the intermediate wires W^. has one end (a first end) and the other end 

10 (a second end). That is. the first ends are respectively connected to output terrpinals Tg of the first semiconductor active 
fuses 201 , 203. The power supply system of the first embodiment further has two second semiconductor active fuses 

202, 204 arranged in parallel with each other in a reverse direction. Each of the two second semiconductor active fuses 
202, 204 has an output terminal Is connected to one of the second ends of the respective two intermediate wires W^, 
W2. The power supply system of the first embodiment further has a second wire Wq, which is connected to an input 

15 terminal Tq of the second semiconductor active fuses 202. 204. The second wire Wq has two branches respectively 
connected to the input terminals Iq. The "first semiconductor active fuses 201 . 203" are power ICs having a circuit con- 
figuration such as shown in Fig. 2 A, and the "second semiconductor active fuses 202, 204" are power ICs having a cir- 
cuit configuration such as shown in Rg. 2B, which are substantially same as Fig. 2A, but inversely configured. As shown 
in Fig. 8A, a main power source 101 having a positive potential is connected to the first wire Wj, and loads L1 , L2, and 

20 ,L3 are respectively connected to the second wire Wq via semiconductor active fuses 207, 208, and 209. The term "main 
power source" means any main power supply source, and in the case of a vehicle, it corresponds to a battery mounted 
on the engine room, 

[0060] As shown in Fig. 8A, the power supply system according to the first embodiment Includes a plurality of inter- 
mediate wires W^. Wg^ (in the first embodiment, two intermediate wires Wi. are used, but m intermediate wires 

25 Wi, can be employed in general) as live wires. When a short-circuit failure occurs in one or some of the inter- 

mediate wires, the short-circuited wire is cutoff, thereby avoiding the influence of the short-circuit failure on another 
intermediate wires and loads. When a trouble such as breaking of wire occurs in one or some of the intermediate wires, 
the remaining wires cover up the trouble. This structure has an advantage in that it is easy to inaease reliability and 
safety of the power supply systems Wi. W2 as live lines. 

30 [0061] The power supply system according to the first embodiment needs no shunt resistor for overcurrent detec- 
tion, which was connected to the conventional power cable in series. By eliminating the necessity of shunt resistor, the 
thermal dissipation and conduction loss of the entire power supply system can be suppressed to lower level, tt is also 
possible to quickly and simply detect not only the overcurrent caused by dead short-circuit, but also the abnormal cur- 
rent caused by layer short-circuit such as imperfect short-circuit failure having some degree of short-circuit resistance. 

35 In addition, the power supply system according to the first embodiment needs no microcomputer for detecting and con- 
trolling overcurrent. By eliminating the necessity of the microcomputer, the space for mounting the detector and control 
circuit for the overcurrent can be saved. At the same time, the cost of the power supply system as a whole can be 
greatly reduced. 

[0062] Fig. 8B is a block diagram schematically showing the structure of the power supply system according to a 

40 modification of the first embodiment. The power supply system of Fig. 8B has the same structure as that of Fig. 8A. 
except that load L1, L2, and L3 are connected to a first wire Wj via active fuses 207, 208. and 209, respectively, and a 
main power source 112 having negative potential is connected to a second wire Wq. As in the case of the power supply 
system shown in Fig. 8A, the power supply system shown in Fig. 8B includes a plurality of Intermediate wires (in this 
embodiment, two Intermediate wires W^. W2 are used) as live wires. When a short-circuit failure occurs in one or some 

45 of the intermediate wires, the short-circuited wire is immediately cutoff, thereby avoiding the Influence of the short-cir- 
cuit failure on another intermediate wires and loads. This structure has an advantage in that rt is easy to increase reli- 
ability and safety of the power supply systems Wi , Wg as live lines. As in the case of the power supply system shown 
in Fig. 8A, the fonward and reverse active fuses 201 to 204 are connected to the both ends of the respective intermedi- 
ate wires W^ , W2. The power supply system shown in Fig. 8B needs no shunt resistor for overcurrent detection, vvhich 

50 was connected to the conventional power supply cable in series. By eliminating the necessity of shunt resistor, the ther- 
mal dissipation and conduction loss of the entire power supply system can be suppressed to lower level. H is also pos- 
sible to quickly and simply detect not only the overcurrent caused by dead short-circuit, but also the abnormal current 
caused by imperfect short-circuit failure. In addition, the power supply system according to the modification of the first 
embodiment needs no miaocomputer for detecting and controlling overcurrent. By eliminating the necessity of the 

55 microcomputer, the space for mounting the detector and control circuit for the overcurrent can be saved. At the same 
time, the cost of the power supply system as a whole can be greatly reduced. 
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(SECOND EMBODIMENT) 

100631 Fig 9A is a flow diagram schematically showing a power supply system according to a second embodiment 
Lnhe presert invention. As shL in Fig. 9A. the power supply system according to the second embodiment .ndi^es 
SrflS semiconductor active fuses 201 , 203 connected in parallel wrth each other in a forv^-d d.rect.on. a f.rst w,re W, 
^^nnSi to tSrrespective input terminals of the first semiconductor active fuses 201 . 203, two .ntemied.ate w.res 
wr^^ipeS v^^^^^^^^^^ '^^-'^ °' semiconductor active fuses 20 1^203. two second sem- 

^nduct Jactive fuses 202 204 arranged in parallel with each other in a reverse direction and hav.ng an ou^u^ termi- 
nTltconnS toThe second end of the respective intermediate v^res W, , W^. a second v.re Wc connecJ«l to input 
terminals Tn of the second sen^conductor active fuses 202. 204. a first auxiliary semiconductor active fuse 205 of 
STrrou temiinal Tn is connected to the first wire W, an auxiliary wire W3 connected to an output terminal T, of the 
Tsi^S sTrlnii^^^^^^ active fuse 205, and a second auxiliary semiconductor active fuse 206 having an output 
terminalT.connectedtothesecondendof the auxiliary wire W3. . c- ,a =.,h«,o 

SST The first auxiliary semiconductor active fuse 205 is a power IC having a structure shown in Fig. 2A. and the 
i^nd auxiliary semiconductor active fuse 206 is a power IC having a structure shown .n Fig. 2B^Specrfically. the first 
TuxSy seSnductor active fuse 205 includes a thiix. main semiconductor element QA1 . a third reference senn,a,n- 
duSS elernToBI. a third comparator CMP1, and a third driver 111. The third main semiconductor element QA1 
fncCes Hinth main electrode (drain electrode) D1 connected to the fi-st wire W,, a tenth main electrode (source e ec- 
SS saToJS to the ninth main ele^^^ 

ng SrLghTninth and tenth main electrodes. The third main semiconductor element QA1 further '"c^es a^^^^^ 
Darasffic diode D. of which cathode region is connected to the ninth main electrode D1 and of which ancxJe region is 
connjSeS to he enth main electrode SA1 . The third reference semiconductor element OBI includes an eleventh ma.-j 
elecJrSf (drain electrode) D1 and a sixth control electrode GB1 respectively connected to the mam electrode D 
and iieXconJol electrode GA1 . and a tweWh main electrode (source electrode) SB1 The third comparator CMP 
SSTres the vJt^ges between the tenth main electrode SA1 and the twelfth main electrode SB1 . The third dnver 111 
oeSes a signal to be applied to the fifth control electrode GA1 in accordance with the output of the third comparator 

rOMSl The second auxiliary semiconductor active fuse 206 includes, as shown in Fig. 2B, a fourth main semicon- 
S elemem 0% a fourth reference semiconductor element QB2. a fourth comparator CMP1. « fouj^^^^^ 
l^rThe fourth main semiconductor element QA2 includes a thirteenth main electrode (source electrode) con- 
ieiteL to the sec^d er^ of the auxiliary wire W3. a fourteenth main electrode (drain electrode) 02 opposing to the thir- 
tee^Smain e eSSe SA2, and a seventh control electrode GA2 for controlling the main current flowing ttirough the 
h rtferT nd S^^^^^^ main electrodes. The fourth main semiconductor element QA2 further '"^"^^t^^^^^ 
Sic diode D, of which anode region is connected to the thirteenth main electrode SA2 and of which cathode regKjn s 
connect^ to the fourteenth main electrode 02. The fourth reference semiconductor elemerrt QB2 '"dudes a ffteenth 
ma"Sr«ir(source electrode) SB2. Further the fourth reference semiconductor element QB2 has an eighth control 
SeSrie GB2 ar^ a s^^^^^ main electrode (drain electrode) D2 respectively connected to the seve^hc^'J;^^^^^^^^^^ 
t'Se and the fourteenth main electrode 02. The fourth comparator CMP1 compares the -ort^Ses between the^ 
teVr^ main electrode SA2 and fifteenth main electrode SB2. The fourth driver 1 1 1 generates a signal to be applied to 
the seventh control electrode GA2 in accordance with the output of the fourth comparator CMP1. 

S^eT tS Ter^iconductor aaive fuses 201 to 210" are power ICs having a structure shown in F.g. 2A or Fig. 2B. 
^hLinRg9A.iLepowersupplysystemaccordingtothesecondembodiment,amainpowersou^^^ 

fpc^r ^Srtial is connected to fhe first wire W, an auxiliary power source 1 03 ha^ng a posit^e poto^a 1 ^n- 
nected to ttie input terminal Tn of the second auxiliary semiconductor active fuse 206, load LI. L2. and L3 are con 
TeSS to ^e eSid v^ire Wo via semiconductor active fuses 207. 208. and 209. The "^^^ 

to a Siery and the like mounted in an engine room of a vehicle, and the "auxiliary power source" corresponds to an 
auxiliary battery and the liKe mounted in a trunk of a vehicle, for example. . ^ ^ ^. ^ „r„con4 
The first to fourth main semiconductor element QA1 , QA2 of the "semiconductor active fuse o^ ttie preserrt 
n^Jion includes the parasitic diode Dp having a p-n junction such as shown in Fig. 3A. ^'J^'^^''*'^l°^;^^^^^^ 
rDriunction is conducted underthe bias condrtionwheredrain electrode 909 is neg 

fs p^ irvfw^S y to the bias condrtion for the DMOS to operate. As shown in Rg. 9A in the power supply system 
acSng to^he second embodiment. Ihe parasitic diode Op having a p-n junction is posrtively used as a current path 
forThesllnd semiconductor active fuses 202. 204 and the first auxiliary semiconductor active fuse 206. ^^f-o^ 
n Fio 3A the parasitic diode Dp having the p-n junction is formed in a large area over the entire bottom sutfece of the 
, DMOS and therefore, it has a low on-state resistance. Even if two semiconductor acbve fuses are connected each 
other in ODOOsing topology (reverse series connection), the total conduction loss IS small. 

K Tshown in FTg 9A, the power source according to the second embodiment-ncludes a P'"«JV °' '"^^^^^ 
diTwires W2 (in the second embodiment, two intermediate wires W, . are used) as live w.res. When a short- 
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circuit failure occurs in one or some of the intermediate wires, the short-circuited wire is cutoff, thereby avoiding the 
influence of the short-circuit failure on another intermediate wires and loads. When a trouble such as breaking of wire 
occurs in one or some of the intermediate wires, the remaining wires cover up the trouble. This structure has an advan- 
tage in that it is easy to increase reliability and safety of the power supply systems W^, Wg as live lines. Even if the 
5 power supply system of the rriain power source is cutoff, the loads can be driven by use of the power supply systems 
of the auxiliary power source. In addition, the forward and reverse semiconductor active fuses 201 to 204 are connected 
to the both ends of the respective intermediate wires W^, W2. 

[0069] The power supply system according to the second embodiment needs no shunt resistor for overcurrent 
detection, which was connected to the conventional power cable in series, as in the case of the first embodiment. By 

10 eliminating the necessity of shunt resistor, the thermal dissipation and conduction loss of the entire power supply sys- 
tem can be suppressed to lower level. It is also possible to quickly and sinfply detect not only the overcurrent caused by 
dead short-circuit, but also the abnormal current caused by layer short-circuit such as imperfect short-circuit failure hav- 
ing some degree of short-circuit resistance. In addition, the power supply system according to the second embodiment 
needs no microcomputer for detecting and controlling overcurrent. By eliminating the necessity of the microcomputer, 

15 the space for mounting the detector and control circuit for the overcurrent can be saved. At the same time, the cost of 
the power supply system as a whole can be greatly reduced. 

[0070] Fig. 9 B is a block diagram schematically showing the structure of the power supply system according to a 
modification of the second embodiment. Contrary to the power supply system shown in Fig. 9A. In the power supply 
system of Fig. 98. load LI , L2, and L3 are connected to the first wire Wj via semiconductor active fuses 207, 208, and 

20 209. respectively. A terminal Tq of a first auxiliary semiconductor active fuse 205 is connected to the second wire Wq- 
An auxiliary wire W3 is connected to the output terminal Tg of the first auxiliary semiconductor active fuse 205, and the 
output terminal Tg of the second auxiliary semiconductor active fuse 206 is connected to the second end of the auxiliary 
wire W3. A auxiliary power source 113 having negative potential is connected to the input terminal Tq of the second 
auxiliary semiconductor active fuse 206. As in the case of the power supply system shown in Fig. 9A, the power supply 

25 system shown in Fig. 9B includes a plurality of intermediate wires (in this embodiment, two intermediate wires W^, W2 
are used) as live wires. When a short-circuit failure occurs in one or some of the intermediate wires, the short-circuited 
wire is immediately cutoff, thereby avoiding the influence of the short-circuit failure on another intermediate wires and 
loads. In addition, the forward and reverse semiconductor active fuses 201 to 204 are connected to the both ends of the 
respective intermediate wires (live lines) W^, Wg. Even if the power supply system of the main power source is cutoff, 

30 the loads can be driven by use of the power supply systems of the auxiliary power source. As in the case of the power 
supply system shown in Fig. 9A, the power supply system shown in Fig. 9B needs no shunt resistor for overcurrent 
detection which was connected to the conventional power cable in series. By eliminating the necessity of shunt resistor, 
the thermal dissipation and conduction loss of the entire power supply system can be suppressed to lower level. It is 
also possible to quickly and sinply detect not only the overcurrent caused by dead short-circuit, but also the abnormal 

35 current caused by imperfect short-circuit failure. In addition, the power supply system according to the modification of 
the second embodiment needs no miaocomputer for detecting and controlling overcurrent. By eliminating the necessity 
of the microcomputer, the space for mounting the detector and control circuit for the overcurrent can be saved. At the 
same time, the cost of the power supply system as a whole can be greatly reduced. 

.40 (OTHER EMBODIMENTS) 

[0071] Various modifications will become possible for those skilled in the art after receiving the teachings of the 
present disclosure without departing from the scope thereof. For example, the first and second main semiconductor ele- 
ment integrated on the "semiconductor active fuse" of the present invention may be, besides the DMOS transistors 

45 shown in Figs. 3A and 3B respectively, another power MOS transistor having a VMOS or UMOS structure, or MOSSIT 
having a substantially similar structure to them, but having shorter channel length so as to reduce the internal channel 
resistance. An IGBT , or a MOS composite device or other insulated gate power device can be employed If the gate 
electrode is designed to be reverse biased, a junction FET, junction SIT, and SI thyristor also may be used. The first and 
second main semiconductor element may have either n-channel or p-channel. In the present invention, both of semi- 

50 conductor devices having n-channel and p-channel respectively are used as the first semiconductor active fuses 201 , 
203. If the first semiconductor active fuse 201. 203 has p-channel, it has a polarity opposite to that shown in Fig. 2A. 
The terminal T^ connected to the drain electrode D is an output terminal, and the terminal Ts connected to the source 
electrode S is an input terminal. 

[0072] As a current path of the second semiconductor active fuse, it is preferable to use the parasitic element (a 
55 parasitic p-n junction diode which is structurally present) in the semiconductor active fuse. Therefore, the first and sec- 
ond main semiconductor elements preferably are reverse conducting semiconductor power device. When they are not 
reverse conducting semiconductor power device, a diode can be additionally integrated thereon. 
[0073] Fig. 1 0 is a cross-sectional view showing a part of the unit of a collector-short-type IGBT, as another specific 
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structure o1 the first main semiconductor element QA1 shown in Fig. 2A. In fact a plurality of the units are arranged in 
parallel with each other on a semiconductor chip, ther^y achieving a large current-capacitance. In the collector-short- • 
type IGBT shown in Fig. 10. p* regions 928 serving as the collector regions and n"^ short regions 937. 938 are adja- 
cent to each other and they are alternately arranged on a collector electrode 929 to form a collector-short structure. On 

the collector regions 928 and n^ short regions 937. 938 an n region 907 serving as the drift region is formed. On 

the surface of the drift region 907. two island-shaped p-base regions 926 are arranged facmg each other. As m the case 
of Fig 3A in Fig 10. although two p-base regions 926 are shown in a cross-sectional form in appearance, they may be 
joined to each other in an area invisible in Fig. 10 toward its depth direction. In other words, when seen from the above, 
the p-base region 926 may have one and single shape of circle or rectangular donut. On the respective p-base regions 
926 an n^ region 925 serving as the emitter region is formed. The n* region 925 sen/ing as the emitter region also may 
be formed as a continued diffusion region having a single shape of circle or rectangular ring. On the p-base regions 926 
and the portion of the drift region 907 interposed between the p-based regions 926. a gate insulating film 904 is formed, 
and on the gate insulating film 904. a gate electrode 903 is formed. On the gate electrode 903. an interlayer d.electnc 
film 902 is formed. In the interlayer dielectric film 902. a contact hole is formed, and an emitter electrode 921 is formed 
in such a manner that the p base region 926 and the emitter region 925 are short-circuited through the contact hole. 
When the IGBT is tumed on, electrons are accumulated in the drift region 907 at the boundary to the collector region 
928 The stored electrons promote the holes in the collector region 928 to inject into the drift region 907. As a result, 
two kinds of carriers, that is. the electrons and holes are present in the drift region 907 to cause the conductivity mod- 
ulation Even if the drift region 907 is formed into thin thickness, low on-state resistance is available by the conductivity 
modulation Due to this characteristic, the IGBT is used as a device having a higher blocking voltage and lower on-state 
resistance As is generally known, at the time of turning off the IGBT. the tail current continues to flow until the electrons 
accumulated in the drift region 907 on the collector region disappear again by the recombination. This makes quick turn 
off of the IGBT irrpossible. By employing the collector-short structure shown in Fig. 10. the electrons stored in the drift 

region 907 at the boundary to the collector region can be extracted through the n^ short regions 937. 938 The tail 

current at the time of turning off is suppressed, thereby enabling quick turn off of the IGBT 

[0074] The collector-short-type IGBT described above includes a parasitic diode Dp having the p-n junction 
between the p-base region 926 and the n' drift region 907. as in the case of DMOS shown in Fig. 3A. By employing a 
bias condition where the collector electrode 929 is negative and the emitter electrode 921 is positive, which is reverse 
to the bias condition for operating the collector-short-type IGBT the parasitic diode Dp is conducted and so-called 
reverse conduction is created. By positively using such a parasitic diode Dp as a current path for the semiconductor 

active fuse, high voltage can be quickly cutoff. . 

[0075] Obviously the present invention includes many modifications and variations, which are not described in tne 
above description. Therefore, the scope of the present invention is to be determined solely by the appended claims. 

35 Claims 

1 . A power supply system comprising: 
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(a) a first wire having m branches (m^2) 

(b) m first semiconductor active fuses respectively connected to the m branches of the first wire, respectively, 
each of the first semiconductor active fuses comprising: 

a first main electrode connected to one of the m branches of the first wire, a second main electrode oppos- 
ing to the first main electrode, a first control electrode for controlling a main current flowing through the first 
and second main electrodes, and a first parasitic diode having cathode and anode regions, the cathode 
region is connected to the first main electrode and the anode region is connected to the second mam elec- 

fi^^r'eference semiconductor element including a third main electrode and a second control electrode 
respectively connected to the first main electrode and the first control electrode, and a fourth mam elec- 
trode: 

a first comparator comparing voltages of the second and fourth mam electrodes: and 

a first driver for generating a signal to be applied to the first control electrode in accordance with the output 

of the first comparator; 

(c) m intermediate wires, each of the intermediate wires having first and second ends, the first end is con- 
nected to one of the second main electrodes: 

(d) m second semiconductor active fuses connected to the second ends of the m intermediate wires, each of 
the second semiconductor active fuses conprising: 
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a second main semiconductor element including a fifth main electrode connected to one of the second end 
of the intermediate wire, a sixth main electrode opposing to the fifth main electrode, a third control elec- 
trode for controlling a main current f towing through the fifth and sixth main electrodes, and a second para- 
sitic diode having cathode and anode regions, the anode region is connected to the fifth main electrode 
5 and the cathode, region is connected to the sixth main electrode; 

a second reference semiconductor element including seventh, eighth main electrodes and a fourth control 
electrode, the eighth main electrode and the fourth control electrode connected to the sixth main electrode 
and the third control electrode, respectively; 

a second conparator comparing vottages of the fifth and seventh nrain electrodes; and 
10 a second driver for generating a signal to be applied to the third control electrode in accordance with an 

output of the second comparator; and 

(e) a second wire having m branches connected to the sixth main electrodes. 

75 2. The power supply system of claim 1 , wherein a main power source is connected to the first wire, configured to pro- 
vide a positive potential to the first main electrodes, and a load is connected to the second wire. 

3. The power supply system of claim 1 , wherein a load is connected to the first wire, and a main power source having 
is connected to the second wire, configured to provide a negative potential to the sixth main electrodes. 

20 

4. The power supply system of claim 2, further comprising: 

(f) a first auxiliary semiconductor active fuse connected to the first wire comprising: 

25 a third main semiconductor element including a ninth main electrode connected to the first wire, a tenth 

main electrode opposing to the ninth main electrode, a fifth control electrode for controlling a main current 
flowing through the ninth and tenth main electrodes, and a third parasitic diode having cathode and anode 
regions, the cathode region is connected to the ninth main electrode and the anode region is connected to 
the tenth main electrode; 

30 a third reference semiconductor element including an eleventh main electrode and a sixth control elec- 

trode respectively connected to the ninth main electrode and the fifth control electrode, and a twelfth main 
electrode; 

a third comparator comparing voltages of the tenth and twelfth main electrodes; and 
a third driver for generating a signal to be applied to the fifth control electrode in accordance with an output 
35 of the third comparator; 

(g) an auxiliary wire having first and second ends, the first end is connected to the tenth main electrode; 

(h) a second auxiliary semiconductor active fuse connected to the second end of the auxiliary wire, comprising: 

40 a fourth main semiconductor element including a thirteenth main electrode connected to the secorxi end 

of the auxiliary wire, a fourteenth main electrode opposing to the thirteenth main electrode, a seventh con- 
trol electrode for controlling a main current flowing through the thirteenth and fourteenth main electrodes, 
and a fourth parasitic diode having cathode and anode regions, the anode region is connected to the thir- 
teenth main electrode and the cathode region is connected to the fourteenth main electrode; 

45 a fourth reference semiconductor element including fifteenth, sixteenth main electrodes and an eighth con- 

trol electrode, the sixteenth main electrode and the eighth control electrode connected to the fourteenth 
main electrode and the seventh control electrode, respectively; 

a fourth comparator comparing voltages of the thirteenth and fifteenth main electrodes; and 
a fourth driver for generating a signal to be applied to the seventh control electrode in accordance with an 
so output of the fourth comparator ; and 

(i) an auxiliary power source connected to the second auxiliary semiconductor active fuse, configured to pro- 
vide a positive potential to the fourteenth main electrode 

55 5. The power supply system of claim 3, further comprising: 

(f) a first auxiliary semiconductor active fuse connected to the second wire comprising: 



18 



OCID: <EP_ 102851 1A2J_> 



EP1 028 511 A2 

a ninth main electrode connected to the second wire, a tenth main electrode opposing to the ninth main 
electrode, a frtth control electrode for controlling a main current flowing through the ninth and tenth man 
electrodes, and a third parasitic diode having cathode and anode regions, the cathode region is connected 
" to the ninth main electrode and the anode region is connected to the tenth mam electrode, 
a thiid reference semicondurtor element including an eleventh main electrode and a sixth control elec- 
Uode respectively connected to the ninth main electrode and a fifth control electrode, and a twelfth mam 

electrode; . , ^ ^ ^ 

a comparator comparing voltages of the tenth and twelfth mam electrodes: and -.^ ^ . 

a third driver for generating a signal to be applied to the fifth control electrode in accordance with an output 
of the third comparator; 

(a) an auxiliary wire having first and second ends, the first end Is connected to the tenth main electrode; 

(h) a second auxiliary semiconductor active fuse connected to the second end of the auxiliary wire, comprising: 

a thirteenth main electrode connected to the second end of the auxiliary wire, a fourteenth main electrode 
opposing to the thirteenth main electrode, a seventh control electrode for controlling a main current flowing 
through the thirteenth and fourteenth main electrodes, and a fourth parasitic diode having cathode and 
anode regions, the anode region is connected to the thirteenth main electrode and the cathode region is 
connected to the fourteenth main electrode; 

afourth reference semiconductor element including fifteenth, sixteenth main electrodes and an eighth con- 
trol electrode, the sixteenth main electrode and the eighth control electrode connected to the fourteenth 
main electrode and seventh control electrode ; 

a fourth comparator comparing voltages of the thirteenth and the fifteenth electrode; and 

a fourth driver for generating a.signal to be applied to the seventh control electrode in accordance with an 

output of the fourth comparator; 

(i) an auxiliary power source connected to the second auxiliary semiconductor active fuse, configured to pro- 
vide a negative potential to the fourteenth main electrode. 
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FIG.2B 
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(54) Power supply system having semiconductor active fuse 

(57) The power supply system of the present inven- 
tion includes m first semiconductor active fuses 
arranged in parallel with each other in a fonward direc- 
tion, a first wire having m branches, each branch is con- 
nected to one of m input terminals of the m first 

semiconductor active fuses, m intermediate wires, each Wi 
of intermediate wires is connected to one of the first end 
of the m output terminals of the m first semconductor 
active fuses, m second semiconductor active fuses 
arranged in parallel with each other in a reverse direc- 
tion, each of the second semiconductor active fuses 
having an output terminal connected to one of the sec- 
ond end of the m intermediate wires, and a second wire 
having m branches, each branch is connected to one of 
m input tenninals of the m second semiconductor active 
fuses. Each of the reverse configured m second semi- 
conductor active fuses can conduct the main current for- 
wardly through parasitic diode inherently embodied in 
the structure. Employing this structure, the present 
Invention provides a power supply system with high reli- 
ability. 
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